Supersymmetry is one of the most popular beyond-standard-model theories at present. Searches for supersymmetry is one of the main goals of the multipurpose experiments like ATLAS and CMS at the LHC. Both experiments have conducted numerous searches for supersymmetry with a wide variety of final states to date. In this paper, a few of the searches will be discussed from both experiments. The datasets discussed here were gathered during the pp collisions with center of mass energy of 13 TeV. As no signs of supersymmetric particles were found, the limits on different supersymmetry scenarios were set.
Introduction
The Standard Model (SM) of particle physics is one of the most successful theories at present. But there are many questions which are unanswered by it, for example, the hierarchy problem or the presence of dark matter. Supersymmetry (SUSY) [1 -6] is one of the most popular and well motivated beyond standard model theories. This theory postulates a fundamental symmetry of spacetime that relates all the SM particles to partners having their spins shifted by 1/2.
In general, SUSY provides elegant solutions to some of the problems unanswered by the SM. The radiative corrections to the Higgs boson mass become very large when a fermion couples with the Higgs field. But the radiative corrections from bosonic particles are of opposite sign compared to those from fermionic particles and hence can cancel out the contribution of fermions. SUSY naturally imposes this relation and stabilizes the Higgs boson mass at a value compatible with the measured value of 125 GeV [7] . In SUSY scenarios, a new quantum number named R-parity [8] is introduced and the assumption that it is a conserved quantity leads to the prediction that SUSY particles are produced in pairs. In addition R-parity conserving SUSY theories require that the lightest supersymmetric particle (LSP) is stable and electrically neutral, thus making it an excellent candidate for the dark matter.
Searching for SUSY is one of the main goals of the multipurpose detectors ATLAS and CMS at the LHC. Numerous searches have been conducted by these experiments with a wide variety of final states connected to a number of different SUSY models. The datasets discussed in this proceedings were gathered during the pp collisions at the center of mass energy of 13 A typical SUSY search uses a set of selection criteria applied to various observables to select different particles like photons, electrons, muons and hadronic jets. Control Regions (CR) are defined by other selection criteria with the aim of providing a sample of events dominated by a certain SM background and having minimal signal contamination. The CR is used to estimate the number of background events in the signal region (SR) which are designed to have optimum signal-to-background ratio. The reliability of the background estimate in the SR is validated in the validation region (VR). The VR is designed to be similar to the SR. A typical SUSY search diagram is represented in Fig. 1 .
Search for strongly produced SUSY
The production of squarks (q) and gluinos (g), the so-called strong production, has the highest production cross-section at the LHC. Therefore it is still one of the benchmarks of the SUSY search at the LHC. Since the production cross-section is much higher than the electroweak production, this kind of production is relatively easy to search for compared to the electroweak production. In general, the search can be done by targeting a final state with high transverse momentum (p T ) particles (hadronic jets, possible leptons, etc) and missing transverse energy (E miss T ). There are two main approaches followed to search for strong production in the ATLAS experiment. One is the conventional method, where a typical discriminating variable, such as effective mass (m eff , scalar sum of p T of all jets, possible leptons and E miss T ) or E miss T is chosen and then its distribution is estimated in the SR. The regions with high values of this variable are expected to be more populated, than others, in SUSY events compared to SM. The other approach is to create Recursive Jigsaw Reconstruction (RJR) variables [10, 11] . These kinematic variables are defined on an eventby-event basis. These variables show very good sensitivity for searches with compressed SUSY mass spectrum.
R-Parity conserving searches
R-parity conserving (RPC) SUSY theories are at the forefront of the SUSY searches at the ATLAS and CMS experiments. In this theories, the final state always contains an LSP which escapes detection. Hence, the missing energy plays an important role for the search of this kind of models.
Multi-b search
Pair produced gluinos may decay via top or bottom squarks in events with multiple jets originating from the hadronization of b-quarks (popularly known as b-jets), high E miss T and potentially additional light quarks jets or/and isolated charged lepton. There was a dedicated search in the ATLAS experiment for this type of gluino decays generally known as multi-b search [12, 13] as the final state contains b-jets. The simplified decay topologies Gbb and Gtt are sketched in Fig. 2 .
For this analysis, a number of signal regions were constructed depending on the number of b-jets in the final state, light quark jets, E miss T , high m eff and number of leptons (0 or 1). A powerful variable to discriminate signal from the background is the total jet mass defined as:
where m J,i is the mass of the large radius (Radius parameter R=1.0) re-clustered jet i in the event.
The distribution of this variable for the 0-lepton state is shown in Fig. 3 . Other discriminating variables like E miss T and m eff are shown in Fig. 4 . No excess was found in any of the signal regions and hence exclusion limits were put on the considered model. The mass limit on gluino is extended to 2.1 TeV (Fig. 5 ). The decay topologies targeted in the Gbb (left) and Gtt (right) models [13] . 
GMSB search with one photon and one lepton
SUSY models with general gauge-mediated (GGM) supersymmetry breaking (GMSB) and the additional assumption that R-parity is conserved often lead to final states with photons and E miss T . In GGM models, the LSP is gravitino (G) which is stable and weakly interacting. The gravitino, if produced at the collisions, leave the detector without being detected, giving rise to E miss T . Additionally, final state may contain a lepton which offers a unique opportunity to probe the branching fractions of SUSY particles. This makes photon plus lepton in addition with E miss 1 decays to photon and gravitino (G) [14] .
In this analysis, the data are examined in the bins of the transverse energy of photon, magnitude of missing transverse momentum (E miss T or p miss T ) and scalar sum of jet energies (H T ). The signal regions require high E miss T (E miss T > 120 GeV). For this analysis, three types of background were encountered. First one is without prompt photon, where photon originates from the pile up. This background is estimated by finding the rate of photon mis-identification in data. The second type of background involves events without prompt lepton. The leptons come from mis-identified jets and hadronization of heavy flavor quarks. This type of background is also estimated from data. The third type, the electroweak background (consisting of WW γ, W Zγ and ttγ) is evaluated using Since there is no excess in data in the signal region with respect to the SM background, this analysis put exclusion limits on the production cross-sections as a function of SUSY particle mass (Fig. 8 ). ) and the 95% upper limits for the pair production cross-sections. On the left, T5Wg model has been used and on the right, T6Wg model has been used. A 50% branching fraction forg(q) → χ 0 /χ ±is assumed [14] .
Status of contraints on RPC scenarios
In simplified model approach, the mass limits for the generic RPC searches are the following:
A summary of mass limits from the ATLAS and CMS experiments for the RPC searches can be found in Fig. 9 . It should be worth noting that these limits are highly model-dependent and they mostly pertain to simplified topologies, where 100% branching ratios are assumed. 
R-Parity violating searches
In addition to R-parity conserving models where the LSP is stable, the ATLAS and CMS experiments have both studied R-parity violating (RPV) scenarios, where the LSP is not stable and decays to SM particles. In this kind of models, where RPV terms are present in the SUSY superpotential, either lepton or baryon number violation is allowed. This brings to a number of final states not considered in the RPC searches.
Search for pair-produced three-jet resonances
Multijet final states at hadron colliders are a signature of many SUSY models, even though this kind of final states heavily suffer from large SM backgrounds. There is a CMS analysis which search for pair-produced resonances, each decaying to three quarks giving rise to multijet events in pp collisions [17] . The decay topology can be found in Fig. 10 . In this analysis, events with at least six high-p T jets were selected to search for evidence of three-jet resonances. Dalitz plots, a very useful technique to study three-body decays [18] , were used to study the internal dynamics of the three-body systems and discriminate between signal containing gluino decays and background consisting of QCD multijets. Here, the invariant mass of three dijet pairs (inside a triplet) was constructed: m 12 , m 23 and m 13 . Normalizing these dijet invariant masses, a Dalitz variable for a triplet was constructed:
where i, j, k ∈ {1, 2, 3} and m i is the individual-jet mass and m i jk is the mass of the triplet. Pair masses within the triplet as described in Eq. (2.2) are shown in Fig. 11 . This figure shows that while the background QCD events populate the edge, the signal events fill up the center. Keeping this in mind, a variable named mass distance squared (MDS) is constructed, as follows:
The distribution of MDS [3, 2] variable is plotted in Fig. 12 (left). Since no excess over the background was found in the signal regions, this analysis set the exclusion limit on the production cross-section as a function of the resonance mass shown in Fig. 12, right. 
Third generation production
A strong motivation for third generation searches is coming from the Higgs mass measurement [7] . The Higgs mass seems to be unnaturally light and the existing squark and gluino exclusion limits reach up to the TeV scale. Naturalness [19, 20] arguments in SUSY models suggest that the mass of the lightest top squark (t 1 ) would be of the same order of the top quark [21, 22] . Top squark may be pair-produced with subsequent decays which are induced by flavor-violating effects into charm quark and an LSP,t 1 → cχ 0 1 (Fig. 13 ). There is a SUSY search in the ATLAS experiment [23] targeting the pair production of top and charm squarks where the charm squark eventually decays into charm quark and an LSP. Reprinted from the CMS analysis [17] .
SUSY with charm quarks
In this analysis, the signal region requires at least two jets with at least one charm-tagged jet, and high E miss T . Here the challenging task is to identify charm tagged jets properly. To do that, multivariate discriminants, MV2c100 and MV2c1100 were used to distinguish between charm jets and b-jets and between charm jets and light flavor jets respectively. These discriminants are based on the MV2 algorithm described in Refs. [24, 25] . MV2c100 was trained with b-jets as signal and here background consisted of exclusively charm jets. On the other hand, MV2c1100 was trained with charm jets as signal and background consisted of exclusively light flavor jets. For this analysis, a working point was selected with the charm-tagging efficiency of ∼ 18%, a light flavor jet rejection factor of 200, a b-jet rejection factor of 20 and a hadronic τ rejection factor of six. These values were evaluated in a sample of simulated tt events. The charm jet tagging rate was measured with a data sample which was rich in tt events, where charm jets come from W boson decay. Adequate correction factors were applied to simulated samples in order to match with the tagging rate in data.
This analysis had a significant background from hadronically decaying τ. In order to reduce this background, the transverse mass of the τ, m c T was used. It was found that m c T > 120 GeV could reduce this background to less than 5%. Figure 13 : Pair production of top and charm squarks which eventually decay into charm quarks and two LSPs [23] .
Depending on the mass difference, there were five different SRs constructed for this analysis. The most significant background for them came from the Z+jets sample (∼ 50 − 60% in all SRs). This background was estimated using simulated samples. Other backgrounds like W +jets (where W decays to τ and neutrino), diboson and tt were also estimated from the simulated samples. Since no excess over the background was found, the analysis put the exclusion limit on the top/charm squark mass shown in Fig. 14. 
Electroweak searches
If the masses of squarks and gluinos are too large for the LHC collision energy of 13 TeV, they cannot be produced in large numbers at the LHC. In strong-production searches, the mass limits for gluinos and squarks are reaching about 2 TeV. This motivates the search for electroweak production of SUSY particles. Since the cross-section of electroweak production is well below the strong production, there is still a large mass range left to probe.
For electroweak SUSY production, typical searches consider final states with two or three leptons, E miss T , with or without jets. For most of the searches, most significant background comes from the diboson events. Jet vetoes are generally used to reduce the tt events.
Direct slepton searches
Direct slepton production mechanism is one of the most important electroweak searches at both the CMS [26] and ATLAS [27] experiments. The signal regions require opposite-charge sameflavor dileptons events with a jet veto. A high value of the variable stransverse mass (m T2 ) [27] was used to suppress WW events. The CMS analysis used E miss T bins to search for an excess. The ATLAS analysis used bins of dilepton invariant mass and m T2 . Both experiments did not find any significant excess of events and hence they set exclusion limits on the slepton mass (Fig. 15) . The CMS experiment put a slepton mass limit at around 450 GeV, whereas the ATLAS experiment set a mass limit at around 520 GeV. from ∼ 100 GeV to ∼ 600 GeV. The RJR technique [10, 11] is a method to recursively construct the decay chain of pair produced heavy particles. Reconstructed view of the event gives rise to a natural basis of kinematic observables, calculated by evaluating the momentum and energy of different objects in the event in these reference frames. The background processes are reduced by testing whether the event exhibits the anticipated properties of the decay tree under investigation.
The schematic diagram in Fig. 17 (left) can help understanding this method. Here each event is processed considering the two parent sparticles (labeled 'PP') assigned to two distinct hemispheres P a and P b . Then they decay to particles detected in the detector (visible particle, 'V') and not detected in the detector (invisible particle 'I'). If one considers the 2 lepton + 2 jets final state (Fig. 17, right) , one can see that the lepton pair must be associated with the same visible collection and the jet pair must be associated with the other visible collection of the event. So if for an event with 2 leptons and 2 jets, this criteria is not fulfilled, this event is rejected. This way, RJR technique helps to reduce the background events. On the left, the standard decay tree of pair produced sparticles. Here parent particle 'P' decays to visible state 'V' and invisible state 'I'. On the right, decay trees for the 2 lepton + 2 jets final state [28] .
In most of the signal regions, no excess over the estimated background was found. Only for one region (named ISR) with 3 leptons, a 3σ excess was observed. The conventional analysis with 2 leptons and jets [29] using the same dataset did not find such excess. Observed and expected exclusion limits on the masses ofχ 
Summary of electroweak searches
Many other searches for electroweak SUSY production have been performed by both the ATLAS and CMS experiments that could not be discussed within the scope of these proceedings. Fig. 19 presents the summary exclusion plots from many of the searches as a function of chargino/neutralino masses.
Conclusion
Both the ATLAS and CMS experiments are pursuing an extensive search program covering strong and electroweak production of SUSY. A variety of different final states have been considered making use of the data collected so far. A good agreement is found between data and the expected SM background. Both experiments have put limits on the production cross-section of a wide variety of simplified SUSY models. The summary of mass limits published by the ATLAS experiment is shown in Fig. 20 . The CMS SUSY searches summary is presented in Fig. 21 .
Future searches at the ATLAS and CMS experiments plan to use a significantly higher luminosity (about 140 fb −1 for the entire run 2), and a large number of improvements in the analysis software R&D. This will help extending the phase space of sensitivity of a large number of SUSY models as well as looking for uncovered and more difficult regions in the parameter space and testing a large number of new well-motivated physics scenarios. 
